BACKGROUND: Fine-needle aspiration (FNA) is routinely performed to evaluate salivary gland lesions, and provides valuable information regarding the cytomorphologic features of the lesions. Occasionally, there are overlaps between benign and malignant conditions due to heterogeneity of the cell types, metaplastic changes, and sampling issues. Herein, the authors present a retrospective study of diagnostic pitfalls in salivary gland cytology and the simulating conditions. METHODS: A 20-year retrospective review of medical records was performed searching for the cytology reports of patients who underwent FNA of the salivary gland with the words "amendment" or "revision." Medical records of the revised cases were reviewed for the subsequent surgical follow-up. All cases with a diagnostic discrepancy between the primary cytologic diagnosis and the final histology diagnosis were included in the current study. The histologic diagnosis was considered the gold standard.
INTRODUCTION
For the past 4 decades, fine-needle aspiration (FNA) has been widely used to evaluate salivary gland mass lesions. [1] [2] [3] Salivary gland FNA is a safe technique with very rare complications, and it provides valuable information regarding the cytomorphology of the mass lesions. Surgical management of salivary gland lesions depends heavily on the cytomorphologic findings of FNA material in conjunction with clinical findings and imaging studies. 4 Therefore, it is extremely important to differentiate benign versus malignant lesions preoperatively. However, distinguishing between nonneoplastic processes, benign lesions, and/or malignancies is not always feasible due to the heterogeneity of the cell types, metaplastic changes, and sampling issues. There are times that the cytomorphology of benign and malignant lesions overlap. In different studies, the sensitivity and specificity of FNA to distinguish benign from malignant salivary gland lesions have been reported to be between 33% and 100%, respectively, and between 67% and 100%, respectively. 4 Familiarity with cytomorpholgy of the salivary glands lesions and their overlapping conditions may play an integral role in decision making in the management of patients with salivary gland lesions.
Herein, we present a retrospective study of the diagnostic pitfalls and pearls in salivary gland cytology and the simulating conditions.
MATERIALS AND METHODS
The electronic database of the Johns Hopkins Hospital was searched for all cytology reports of patients who underwent FNA of the salivary glands at the institution between January 1995 and January 2015. Among all salivary gland FNA reports, only those with statements of "amended" or "revised" were selected for the current study. Although other means of finding discrepancies were considered, using these 2 keywords was believed to be the most reliable method. All cases with a diagnostic discrepancy between the primary cytologic diagnoses and the amended diagnoses were included in the current study. Subsequently, the medical records of the revised or amended salivary gland FNA cases were searched for the follow-up of these cases, including a possible surgical intervention. Only cases with surgical follow-up of the aspirated salivary glands were included. The histologic diagnosis was considered to be the gold standard. The patients' primary cytology diagnosis, amended diagnosis, site of the FNA, reason for rendering an amendment, and method of follow-up were recoded. The ancillary tests were recoded whenever available. The histology diagnoses were obtained for those patients who underwent surgery. The patients' demographics were recorded, including age, sex, and race. Multiple aspirations were performed in all cases. The number of passes and the evaluation of smears on site for specimen adequacy were recorded for each case. One-half of each pass was air-dried and stained using the Diff-Quik method. The other onehalf of the material was fixed in 95% ethanol for Papanicolaou staining in the cytopreparatory laboratory. The needle rinses were collected for a cell block. The cell block material was formalin-fixed and processed in the histology laboratory to produce 1 hematoxylin and eosin-stained slide. All cytologic smears and associated cell blocks were reviewed by a board-certified cytopathologist at the time of diagnosis and the cases with a malignant diagnosis were reviewed at the daily intradepartmental quality assurance conference at the time of the primary diagnosis.
RESULTS
A total of 71 cases were found when searching the database for the keywords of "salivary gland" and "amended" or "revised." Among these cases, 19 were qualified to be included in the current study. Fifty-two cases were excluded because the word "amendment" was used in place of "addendum" to report flow cytometry results or other ancillary studies such as fungal or mycobacterial stains. The specimens were labeled as parotid (16 cases) or submandibular (3 cases). The patients included were 8 men and 11 women with a mean age of 54.4 years (range, 22-94 years). On reviewing the records, and based on their final diagnosis, cases were subsequently divided into 7 main categories. Table 1 summarizes the cytologic findings ( Fig. 1 ) and the corresponding final histologic diagnosis (Fig. 2 ) of all cases. The categories included: 1) nondiagnostic (1 case); 2) benign, nonneoplastic lesion (2 cases); 3) benign salivary gland neoplasm (2 cases); 4) salivary gland neoplasm (4 cases); 5) epithelial neoplasm, not otherwise specified (1 case); 6) markedly atypical cells suspicious for a malignant neoplasm (1 case); and 7) malignant neoplasms (8 cases). Four cases were diagnosed as malignant on cytology whereas surgical resection specimens were benign (cases 6, 9, 14, and 15). One case (case 4) was labeled as benign on cytology and the corresponding histology diagnosis was malignant. A prior history of malignancy was misleading in 2 cases (cases 14 and 15) (Figs. 3-7) . Diagnostic Challenges in Salivary Gland Cytology/Salehi and Maleki
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Rapid On-Site Evaluation and Specimen Adequacy
Searching the data for rapid on-site evaluation (ROSE) and specimen adequacy revealed that 14 of 19 cases were evaluated on site for adequacy. The number of passes for all cases varied from 2 to 8 passes (mean, 4.3 passes). In the category of cases with ROSE, the number of passes ranged from 2 to 8 (mean, 4.7 passes). Only 1 of the cases with ROSE was less than optimal and the other 13 cases were termed adequate. The specimen adequacy was assessed by an experienced cytopathologist. In the category of cases without ROSE, the number of passes ranged from 2 to 4 (mean, 3.2 passes). None of the 19 cases accompanied a concurrent core needle biopsy. Four of 5 cases without ROSE had a definitive cytological diagnosis, including mucoepidermoid carcinoma (2 cases), pleomorphic adenoma (1 case), and metastatic squamous cell carcinoma (1 case). Only 1 case without ROSE was diagnosed as nondiagnostic after reviewing material from 2 passes.
Nondiagnostic Lesion
Case 1 was diagnosed as virtually acellular on cytology and surgical resection demonstrated an epidermal inclusion cyst. A retrospective review of the cytology material showed numerous anucleated squamous cells.
Nonneoplastic Lesions
Case 2 was a 49-year-old woman with a left parotid mass. The FNA of the lesion was diagnosed as lymphoid hyperplasia with mixed benign salivary glands and acellular debris; the differential diagnoses included sialadenitis and retention cyst. The flow cytometry of aspirated lymphocytes confirmed benign lymphocytes. The surgical excision specimen was diagnosed as Warthin tumor. FNA of a submandibular mass from the patient in case 3 was diagnosed as lymphoid tissue with focal atypia, favoring reactive and fungal organisms consistent with Aspergillus species. Histologic examination of the mass revealed extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT) type.
Benign Salivary Gland Neoplasm
The FNA of a parotid gland in a 94-year-old man (case 4) was described as demonstrating numerous tubular structures, fibrous stroma, and benign salivary acinar and ductal epithelium consistent with pleomorphic adenoma. However, the subsequent resection specimen demonstrated the lesion to be an adenoid cystic carcinoma (ACC). A cytologic specimen of a right parotid mass in a 45-year-old patient who was positive for the human immunodeficiency virus (case 5) was signed out as fragments of oncocytic epithelium in a lymphocytic background consistent with Warthin tumor. The parotid gland subsequently was resected and was diagnosed as chronic sialadenitis.
Salivary Gland Neoplasm
Two cases of cellular pleomorphic adenoma (PA) were cytologically categorized as low-grade neoplasms; no further characterizations were made. A parotid FNA of a 65-year-old woman (case 6) was diagnosed as salivary gland neoplasm with focal atypia. The cytomorphology of the tumor showed cords and small globules of amorphous hyaline material surrounded by atypical epithelial cells. The differential diagnosis included a monomorphic adenoma (trabecular type) and ACC. Subsequent surgical resection revealed that the mass was a PA with a prominent myoepithelial cell component. The second case was an FNA of a parotid gland from an 82-year-old man (case 7) and was diagnosed as a salivary gland neoplasm. Further surgical resection of the lesion revealed that it was a cellular PA. FNA of the left parotid of a 58-year-old woman (case 8) was diagnosed as a cystic salivary gland lesion with focal squamous and oncocytic features. The surgical excision of the mass showed a benign salivary gland with multiple oncocytic nodules. Case 9, an FNA of a left parotid gland from a 62-year-old man, was diagnosed as favoring mucoepidermoid carcinoma whereas the surgical excision specimen was a benign mucinous cyst with prominent squamous metaplasia. Review of the cytology and surgical resection slides demonstrated that the atypical cells observed on aspiration appeared to be morphologically similar to the squamous epithelium of the mucin-containing cysts in the surgical specimen.
Epithelial Neoplasm, Not Otherwise Specified
The FNA of a submandibular gland in a 34-year-old woman (case 10) was diagnosed as an epithelial neoplasm. Subsequent surgery revealed that the lesion was an infiltrating myoepithelial carcinoma with mixed spindle cells, squamoid cells, and ductal features.
Markedly Atypical Cells Suspicious for a Malignant Neoplasm
FNA of a neck mass/parotid gland in a 26-year-old woman (case 11) revealed very rare, markedly atypical cells. The surgical resection of the mass demonstrated Hodgkin lymphoma of nodular sclerosing type.
Malignant Neoplasms
Two cytology cases were diagnosed as mucoepidermoid carcinoma. An aspirate of a left parotid mass of a 31-yearold man was reported as a parotid neoplasm, favoring mucoepidermoid carcinoma. Further surgical evaluation of the mass led to a diagnosis of high-grade salivary duct carcinoma (case 12). The cytology diagnosis of the second case (case 13), a submandibular mass in a 54-year-old woman, was mucoepidermoid carcinoma whereas the surgical resection of the lesion demonstrated a moderately differentiated squamous cell carcinoma. Both cases were diagnosed cytologically as malignant; however, the diagnoses failed to classify the tumors correctly. The FNA of the left parotid from case 14 was diagnosed as metastatic carcinoma consistent with the patient's known primary prostatic adenocarcinoma and subsequent surgical resection demonstrated oncocytoma. In this particular case (case 14), a cell block was immunoreactive for prostate-specific antigen (PSA) and prostate-specific acid phosphatase immunostaining (immunohistochemistry [IHC]), which was misleading in a patient with a history of prostatic adenocarcinoma. A submandibular gland was designated as a lymph node in a 74-year-old woman with a history of squamous cell carcinoma of the uterine cervix (case 15). The aspirated material of the lesion was signed out as metastatic squamous cell carcinoma consistent with the patient's known cervical primary tumor. Subsequent surgical removal of the salivary gland found that it was in fact a benign ruptured retention cyst with prominent squamous metaplasia of the duct and chronic inflammation. All 16 resected lymph nodes were negative for carcinoma. The squamous cells in the cytologic specimen most likely arose from the metaplastic ductal epithelium. Case 16 was a 69-year-old woman with a left parotid mass. The FNA demonstrated a malignant neoplasm not further characterized. The surgical resection specimen was in fact a diffuse large B-cell lymphoma. Case 17 was a 64-year-old man with a right parotid mass who recently was diagnosed with poorly differentiated squamous cell carcinoma of the lung. An FNA of the mass was evaluated and signed out as adenocarcinoma as a primary lesion. Comparison of lung tissue and parotid surgical resection demonstrated identical cells, and the diagnosis of salivary gland was amended to metastatic poorly differentiated squamous cell carcinoma. Case 18 was a 48-year-old woman with a right parotid/neck mass. The FNA specimen was diagnosed as poorly differentiated non-small cell carcinoma. Subsequent surgery was performed and the parotid mass was diagnosed as acinic cell carcinoma. The last specimen in this group was an FNA of a parotid lesion of a 40-year-old woman (case 19) that demonstrated a low-grade B-cell lymphoproliferative disorder. The subsequent surgical resection demonstrated myoepithelial sialadenitis with early MALT lymphoma.
DISCUSSION
An important issue demonstrated in the results of the current study was how the term "amendment" was used interchangeably for "addendum." The definition of "amendment" in pathology reports is a change in a final report, which can be any changes from patient demographics to the biopsy site to the pathology diagnosis. However, "addendum" is an addition to the final report without changing the final report. Adding immunostain results or flow cytometry results are examples of addendums in pathology reports. The meaning of "amendment" in pathology reports (a change to the final report) slightly differs from the meaning of "amendment" in law (a change or addition to a legal or statutory document). This issue has been resolved in pathology reports at the study institution in recent years.
The goal of cytological evaluation of salivary gland lesions by means of FNA is to label the salivary gland lesions correctly using one of these main categories: 1) nonneoplastic/inflammatory; 2) benign neoplasms; and 3) low-grade and high-grade malignancies. 5 Therefore, assessment of adequate material is of paramount importance. The number of passes for the nondiagnostic case in the current study (case 1) was only 2 passes without ROSE whereas the average number of passes was 4.7 for cases with ROSE and 3.2 passes for cases without ROSE. Reviewing the cytology reports of cases herein indicates that having limited material for cytology evaluation was not a factor in the misinterpretation of these cases.
PA is the most common tumor of the parotid gland and the most common cytological diagnosis of all salivary glands on FNA specimens. 5 Its diagnosis usually is straightforward whenever there is sufficient chondromyxoid matrix and epithelial and myoepithelial cells. Abundant fibrillary or chondromyxoid matrix along with epithelial and 
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Cancer Cytopathology However, scarcity of matrix material with a dominant epithelioid or myoepithelial cell component can lead to misdiagnoses such as adenocarcinoma and myoepithelioma. 9, 10 PA is most commonly misdiagnosed as ACC because both share the same cellular and matrix components. Hyaline or mucoid material in PA may appear as small globules resembling the hyaline globules noted in ACC. Conversely, ACC can be confused with PA. 6 Aspirated material from variants of ACC, including tubular and solid, may lack the large hyaline globules characteristic of ACC and can be mistaken for PA. 6 Diff-Quik staining appears to be superior to Papanicolaou staining for highlighting matrix, including hyaline globules. Our misinterpreted PA case (case 4) did not have any Diff-Quik-stained smear to review, which might have contributed to the misdiagnosis. IHC including p63, S-100, cytokeratin, and SMA are positive in epithelial and myoepithelial cells in both ACC and PA. Therefore, they are not able to distinguish these 2 entities from each other. 11 A recent study demonstrated that MYB1 nuclear expression of ACC can differentiate ACC from PA. 12 CD117 and SOX10 are expressed in the majority (94%) of ACC cases in addition to S-100 and myoepithelial markers (SMA and calponin). 7, 8 In both PA cases in the current study, the scarcity of chondromyxoid matrix and cellular smears failed to grant a definitive diagnosis while they resulted in proper clinical management. Focal mild atypia without necrosis or abundant mitosis is noted in up to 20% of pleomorphic adenomas. Furthermore, aspirates with all the features of PA including epithelial and myoepithelial cells mixed with chondromyxoid matrix should be carefully evaluated for cylindromatous areas and small hyaline globules, which raise the possibility of ACC, a condition that is observed in approximately 5% of PA cases and was noted in case 4 herein.
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Warthin tumor is the second most common salivary gland neoplasm. It is characterized by 3 components including sheets of oncocytes, a polymorphous population of lymphocytes, and a dirty granular background. Warthin tumor can be mistaken for a nonneoplastic process such as benign acinar cells and lymphocytes or chronic sialadenitis, as occurred in case 2 in the current study. 16 Benign oncocytic conditions and Warthin tumors sometimes may be mistaken for malignancy in FNA specimens from salivary gland lesions. The differential diagnosis of salivary gland lesions with oncocytic features includes oncocytosis, oncocytoma, Warthin tumor, oncocytic carcinoma, pleomorphic adenoma, the oncocytic variant of mucoepidermoid carcinoma, acinic cell carcinoma, and metastatic renal cell carcinoma. 10 In addition, an inflammatory chronic sialadenitis that is lymphocytic rich may be misinterpreted as Warthin tumor due to oncocytic metaplasia. Case 4 is an example of a chronic sialadenitis that was signed out as a Warthin tumor. The aspirated material may be cystic content only because Warthin tumor is a cystic neoplasm. 14 In a large study, Warthin tumor was falsely diagnosed as a malignant neoplasm including lymphoma, acinic cell carcinoma, and high-grade mucoepidermoid carcinoma. 9 The dirty background and presence of mucinous or squamous metaplasia in Warthin tumor and its staining pattern may result in misdiagnosis for mucoepidermoid carcinoma or squamous cell carcinoma. 9,14 CREB-regulated transcription coactivator 1 (CRTC1)-mastermind-like protein 2 (MAML2) fusions detected by fluorescence in situ hybridization are seen in low-grade to intermediate-grade mucoepidermoid carcinomas with a favorable prognosis and are not present in Warthin tumor. 17 Furthermore, a subset of high-grade mucoepidermoid carcinomas harbor CRTC1-MAML2 fusions with multiple additional genomic imbalances, including cyclin-dependent kinase inhibitor 2A deletion. 7 High-grade mucoepidermoid carcinomas carry a poor prognosis regardless of their genetic alterations. CK7, CK8, CK19, and p63 are positive in most mucoepidermoid carcinoma cases whereas calponin is positive in a small percentage (10%) of cases and SMA, S-100, mammaglobin, and SOX10 are negative. Warthin tumor and mucoepidermoid carcinoma both are immunoreactive for p63 and p40. 7, 8 Furthermore, Warthin tumor is positive for c-kit (CD-117) and mucoepidermoid carcinoma is negative. 18 Low-grade and high-grade mucoepidermoid carcinomas have slightly different cytomorphological features. 15 Although cystic low-grade mucoepidermoid carcinomas usually demonstrate predominant mucinous cells, the solid high-grade mucoepidermoid carcinomas are rich in epithelial cells including squamoid cells. Low-grade mucoepidermoid carcinoma can be mistaken for mucocele, and mucinous metaplasia in sialolithiasis, or mucinous Salivary duct carcinoma is a clinically aggressive malignancy that is observed mostly in elderly men, 14 and is responsible for 10% of salivary gland malignancies. It may consist of a wide range of epithelial differentiation. The malignant cells are arranged in clusters, sheets, 3-dimensional fragments, or a cribriform pattern within a necrotic background. The differential diagnosis of salivary duct carcinoma from high-grade mucoepidermoid carcinoma and carcinoma ex pleomorphic adenoma is almost impossible. 10 Case 11 is an example of this misinterpretation, which was diagnosed as mucoepidermoid carcinoma. Androgen receptor expression is noted in the majority of the salivary duct carcinoma cases. 21 A diagnosis of highgrade salivary gland malignancy is sufficient for proper clinical management when it is impossible to differentiate these entities. 14 Salivary duct carcinoma is immunoreactive for androgen receptor stain and mammaglobin is positive in some of the cases. 8 Acinic cell carcinoma is a low-grade malignancy characterized by cellular smears composed of large polygonal cells with abundant granular (zymogen granules) or vacuolated cytoplasm and bland nuclei arranged in sheets and loosely cohesive 3-dimensional clusters.
14 Acinic cell carcinoma is a vascular tumor containing arborizing delicate blood vessels. Naked nuclei and lymphocytes occasionally are observed in the background. 14 Prominent papillary features present in some cases, squamoid and metaplastic oncocytic changes, cystic changes, 22 histiocyte-like vacuolated cytoplasm, and a lack of single cells may lead to a misdiagnosis of variants of acinic cell carcinoma. 23, 24 Acinic cell carcinoma can be a false-negative diagnosis as benign acinar cells, sialadenosis, sialadenitis, 14 Warthin tumor, or oncocytoma. 25 Mucoepidermoid carcinoma, clear cell neoplasm, and sebaceous carcinoma also are part of the differential diagnosis for acinic cell carcinoma.
14 DOG-1, SOX10, and alpha-1-antichemotrypsin are positive in most acinic cell carcinoma cases whereas S-100 is rarely positive in acinic cell carcinomas. Squamous epithelial-lined cysts including dermoid cyst, branchial cleft cyst, and lymphoepithelial cysts can occur in the salivary gland.
14 Primary squamous cell carcinoma of the salivary gland is a rare entity and metastatic squamous cell carcinoma to the salivary gland is far more common. Cystic changes in metastatic squamous cell carcinoma can cause false-negative diagnoses. Poorly differentiated, nonkeratinizing squamous cell carcinoma can be mistaken for mucoepidermoid carcinoma, such as occurred in case 13. Case 15, with a histologic diagnosis of retention cyst with squamous metaplasia of the duct 19 and chronic inflammation of submandibular gland, is a great example of a false-positive diagnosis of metastatic squamous cell carcinoma. The presence of mucin can differentiate mucoepidermoid carcinoma from squamous cell carcinoma.
14 However, abundant mucin in case 9, benign squamous cyst, and squamous metaplasia of ductal epithelium, was misleading and the aspirated material was diagnosed as metastatic squamous cell carcinoma of lymph node. Squamoid cell-predominant specimens often raise suspicion of high-grade malignancies. Among them are high-grade mucoepidermoid carcinoma, metastatic squamous carcinoma, and carcinoma ex pleomorphic adenoma.
14 A salivary gland aspirate that is lymphocytic rich can belong to any of 3 mentioned categories including inflammatory, benign, or malignant process. Lymphomas arising from an intraparotid lymph node are relatively common and may present as a mixed population of large malignant cells and benign lymphocytes. 26 Extranodal marginal zone lymphoma of MALT type, follicular lymphoma, and diffuse large B-cell lymphoma are most common lymphomas diagnosed in salivary glands. 14 Metastatic diseases to the salivary glands can mimic primary salivary gland neoplasms. In our case series, an oncocytoma was mistaken for metastatic prostate adenocarcinoma (case 14) , and a reactive PSA IHC of tumor cells facilitated the misdiagnosis. Cross-reactivity of PSA IHC has been reported on salivary gland neoplasms such as PA, monomorphic adenoma, Warthin tumor, mucoepidermoid carcinoma, ACC, acinic cell carcinoma, adenocarcinoma, salivary duct carcinoma, and adenosquamous cell carcinoma. 27, 28 In addition, metastatic hepatocellular carcinoma has been reported mimicking acinic cell carcinoma, 29 and an bright orange staining artifact of Warthin tumor may lead to a misdiagnosis of squamous cell carcinoma. 9 Challenges in the diagnostic cytopathology of salivary glands are not limited to the conditions mentioned above. Neoplastic epithelial cells in a cytology specimen may raise the possibility of differential diagnoses such as polymorphous low-grade adenocarcinoma, acinic cell carcinoma, and mucoepidermoid carcinoma; however, the possibility of myoepithelial carcinoma should not be excluded entirely (case 10). 30, 31 Awareness of a patient's prior history of malignancy is helpful for rendering an accurate diagnosis, and cell block material can be used for ancillary tests such as additional molecular studies to aid the evaluation. 32 In the current series, a history of prostate adenocarcinoma did in fact result in a misdiagnosis. Furthermore, this case was diagnosed before the introduction of more specific IHC stains for prostate adenocarcinoma such as NKX3.1. 33 Case 15
(retention cyst with squamous metaplasia of the duct and chronic inflammation of the submandibular gland) is another example of a misinterpretation (metastatic squamous cell carcinoma of lymph node) influenced by the patient's history of squamous cell carcinoma of the uterine cervix.
The interpretation of salivary gland FNA can be influenced by several factors, including prominent metaplasia (squamous, mucinous, oncocytic, and clear cell), focal atypia, cystic changes, variable cellular components within the lesions, scant cellularity, a prior history of malignancy, and variants of different neoplasms. Moreover, ancillary tests are useful for differentiating salivary gland neoplasms. Multiple passes representing the entire mass, imaging findings, and familiarity with cytopathology of salivary gland lesions may decrease the incidence of misdiagnosis and improve accuracy.
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